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Summary  
The aim of this study was to evaluate the interobserver reliability of parametric and non-parametric variables in the 
clinical assessment of hip and knee osteoarthritis (OA). Three rheumatologists examined 49 patients with different 
radiological stages of OA using different assessment tools such as a tape measure, a goniometer, a plurimeter and a 
hand-held pull gauge. The reliabilities of parametric variables calculated by analysis of variance (ANOVA) showed much 
higher values than the non-parametric ones calculated by Kendall's tau beta. The highest levels of correlation in hip 
OA between clinical functional tests and radiological changes were found for hip extension (r= 0.57; P < 0.01) and the 
Patrick sign (r = 0.54; P < 0.01) while in knee OA the highest correlations were found for knee circumference (r = 0.5; 
P < 0.01) and knee flexion (r = 0.35; P < 0.02). Knee muscle strength, as measured with a hand-held pull gauge, showed 
a high level of interobserver agreement (r= 0.79), but correlated poorly with radiological changes. In conclusion 
parametric variables of joint morphology as knee circumference or parametric variables of function as the Patrick sign 
should be prefered for assessing secondary endpoints in OA clinical trials. 
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Introduct ion 
IT Is IMPORTANT TO USE ACCURATE and reliable clini- 
cal monitoring tools to evaluate the course of 
osteoarthrit is (OA) and to define prognostic and 
risk factors for OA in epidemiological studies 
[1, 2]. Although clinical parameters have some 
sensitivity and specificity for the definite diagnosis 
of hip and knee OA [3, 4] they show different 
predictive values for radiological change. 
Clinical assessment of joint morphology and 
function are both important in clinical studies 
with so called 'ar~ti-osteoarthritic' drugs which 
were recently divided into two subcategories 
as either 'slow acting ant i -osteoarthr i t ic '  or 
'disease-modifying' drugs [5]. These categories 
require different study designs with different 
primary and secondary endpoints as outcome 
parameters. 
Validated and standardized clinical assessment 
methods which are internationally accepted are 
urgently needed, since future research will be 
conducted in a multicenter approach [6-8]. 
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Psychometrically sound and valid instruments 
for the measurement of symptom severity and 
physical function status are available [9,10]; 
however, there is little data on the reliability and 
validity of clinical measures [11]. In particular, 
there are only a few studies that have assessed their  
interobserver reliabil ity which is most important 
for sample size calculation in OA clinical trials 
[12-141. 
The specific aims of our cross-sectional study 
were: (1) to examine the interobserver reliabil ity 
of parametric and non-parametric clinical vari- 
ables for the assessment of hip and knee OA, and 
(2) to examine the associations of these clinical 
measures with radiological change. 
Methods 
During a recruitment period of 1 week patients 
coded from a diagnostic registry as having 
symptomatic hip or knee OA in the previous year 
were asked to participate in this study. After 
obtaining informed consent, hip and knee OA 
patients were examined separately by three trained 
rheumatologists on the same day according to a 
standardized protocol. 
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Table I 
Parametric variables assessed 
Parametric variable Joint Position Unit ~ Instrument 
Mind,hal intercondylar distance Knee Standing cm 
Minimal intermalleolar distance Knee Standing cm 
Maximal intermalleolar distance Hip Supine cm 
Knee circumference Knee Supine cm* 
Heel buttock distance Knee Supine cm 
Hip flexion Hip Supine Degrees 
Hip external rotation Hip Supine Degrees 
Hip internal rotation Hip Supine Degrees 
Hip abduction Hip Supine Degrees 
Hip adduction Hip Supine Degrees 
Hip extension Hip Supine/lateral Degrees 
Hip Patrick sign Hip Supine cm 
Knee hyperextension Knee Supine Degrees 
Knee extension Knee Supine Degrees 
Knee flexion Knee Supine Degrees 
Knee varus-position Knee Supine Degrees 
Knee valgus-position Knee Supine Degrees 
Knee quadriceps-strength Knee Sitting kp 
Knee femoris-strength Knee Sitting kp 
Tape measure 
Tape measure 
Tape measure 
Tape measure 
Tape measure 
Goniometer 
Goniometer/plurimeter 
Goniometer/plurimeter 
Goniometer 
Goniometer 
Goniometer 
Tape measure 
Goniometer 
Goniometer 
Goniometer 
Goniometer 
Goniometer 
Pull-gauge 
Pull-gauge 
*Knee: medial jo int line. 
Radiographs of hips [anterioposterior (AP) view] 
and knees (AP and lateral views) in a standing 
position were obtained from 46 patients. Two 
radiologists graded these radiographs by common 
agreement according to the Kellgren score (0-4) 
depicted in the original atlas [15, 16]. The following 
clinical variables of hip and knee functional status 
were recorded separately by each observer. 
PARAMETRIC VARIABLES (TABLE I) 
Parametric variables were assessed using a tape 
measure for distance (cm) and a short-arm 
goniometer (degrees) for range of motion (ROM) 
(Fig. 1). Hip internal and external rotation 
(degrees) was also measured in a sitting position 
with use of the 'plurimeter-V' instrument (Fig. 2) by 
the technique described by Rippstein [17]. Knee 
muscle strength was recorded using a hand held 
pull-gauge (kp) as shown in Fig. 3. The 'Patrick- 
sign' which is a combined movement (flexion, 
external rotation and abduction) of the hip joint 
was assessed as depicted on Fig. 4. 
NON-PARAMETRIC VARIABLES 
Non-parametric variables were assessed using 
Likert response scales (1=none; 2=mild; 3= 
moderate and 4=severe) for knee instability 
(anterior, lateral, medial and posterior), synovi- 
tis, joint effusion, femoropatellar crepitus, knee 
temperature and Baker's cyst. 
KNEE JOINT DOLORIMETRY 
Tenderness of the medial joint space, lateral 
joint space, pes anserinus and anterior paramedian 
FIG. 1. Short-arm goniometer to assess joint range of motion. 
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FIG. 2. Plurimeter instrument developed by Rippstein. 
The joint angle is indicated by the rotation of the pointer 
on the face of the instrument. 
capsule was examined with an Atkins dolorimeter 
[18] (Fig. 5). 
STATISTICAL ANALYSIS 
Analysis was performed using the BMDP 
statistical software manual, 1990 (BMDP Statisti- 
cal Software, Inc., LA, U.S.A.). Interobserver 
reliability was calculated for parametric variables 
using repeated measures ANOVA. Because of 
possible systematic differences in the assessment 
techniques of the three observers Kendall's tau 
beta instead of the Kappa statistic was used to 
calculate non-parametric concordance (mean val- 
ues of the three observers different Kendall's tau 
beta values) [19]. Correlations between parametric 
clinical variables and radiographic stages were 
analyzed using Pearson's correlation coefficients. 
Student's paired t-test was used to calculate 
statistical differences between the hip goniometer 
and plurimeter assessment. 
Resu l ts  
Forty-nine hip and knee OA patients (N= 49, 27 
women and 22 men; mean age 65 _+ 14 S.D. years) 
were examined. 
The data documenting radiographic stages of hip 
and knee and the number of symptomatic and 
asymptomatic joints are shown in Table II(a) and 
(b). The results are presented in Tables III-VI. 
PARAMETRIC VARIABLES 
Table III shows the results of interobserver 
reliability of parametric variables in order of 
their reliability. The highest values of inter- 
observer reliability had standardized measurement 
of knee circumference (0.95) at the level of the 
medial joint line. A high reliability was found 
for the intermalleolar distance (0.79). The 
different methods for measuring external and 
internal hip rotation by goniometer and plurimeter 
FIG. 3. This shows the strength assessment of knee flexors using a hand-held pull gauge. 
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FIG. 4. Assessment of the Patrick sign in a supine position. 
yielded similar rel iabil it ies (0.57/0.55). A low 
rel iabi l i ty was found for the measurement  of knee 
flexion by the short-arm goniometer technique 
(Table III). 
NON-PARAMETRIC  VARIABLES 
There were systematic differences in the assess- 
ment by the three observers. As an example we 
consider the variable 'dol imetry at the r ight medial  
jo int  line'. Observer 1 rated 30 patients as stage '0' 
but observer 2 rated these 30 as stage '1'. 
Consequently the agreement between both observ- 
ers was poor and the commonly used Kappa 
measure for the rel iabi l i ty between these two 
observers was ~=0.033. However, Kappa as a 
measure for agreement may not be appropr iate for 
describing such a situation. Kendall 's tau beta is a 
corre lat ion measure of the monotone relat ionship 
between two ordered variables. Thus it measures 
the abil ity of a method to decide between different 
stages of il lness independent ly  of a straight 
definit ion of classes. In the above example, 
Kendall 's tau beta between the two observers, 
• fl=0.36, indicates that  the observers showed 
moderate agreement in the ordering of pat ients 
according to the severity of variables. 
The values of non-parametr ic  interobserver  
FIG. 5. Dolorimeter used for pain assessment. 
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Table II(a) 
Radiological Kellgren stages of knee joints [46 
osteoarthritis (OA) patients~92 joints] and reported 
symptoms 
Symptomatic Asymptomatic 
Kellgren Knee joints subjects subjects 
0 27 5* 22 
I 28 12 16 
II 29 22 7 
III 6 3 3 
IV 2 2 0 
Total 92 44 48 
5* joints Kellgren 0. Lateral view documenting minimal OA 
of femoropatellar joint. 
Table II(b) 
Radiological Kellgren stages of hip joints [46 osteo- 
arthritis patients~92 joints] and reported symptoms 
Symptomatic Asymptomatic 
Kellgren Hip joints subjects subjects 
0 15 0 15 
I 35 10 25 
II 26 12 14 
III 10 7 3 
IV 6 6 0 
Total 92 35 57 
concordance are presented in Table IV. It is evident 
that  only a small number  of values exceeded 0.4. 
The dolor imetry values Showed the highest rank  of 
the non-parametr ic  scores. The concordance of 
est imating effusion, synovit is and Baker's cyst 
turned out to be poor (0.24). 
DIFFERENT INSTRUMENTS 
Stat ist ical  differences could be documented using 
Student 's  t-test analysis by compar ing intraob- 
server differences measur ing hip internal  and 
external  rotat ion by two different instruments  
namely the 'short  arm goniometer '  vs the p lur imeter  
instrument.  However, for measuring, for example, 
internal  rotat ion of the r ight hip, only one observer 
had a stat ist ical ly s ignif icant intraobserver  differ- 
ence (P< 0.005); whereas, for measur ing hip 
external  rotat ion two observers howe d signif icant 
differences using these two techniques. 
Discuss ion  
Clinical parameters  are most re levant in OA 
studies as there is no rel iable laboratory test to 
monitor  progression of OA [20, 21]. However, to 
date it is still uncerta in  which cl inical parameter  
should be monitored as the secondary outcome 
parameter,  e.g. when studying so cal led 'anti- 
osteoarthr i t ic '  drugs in short  or long-term clinical 
OA trials [22, 23]. 
In our  cross-sectional study three rheumatolo-  
gists examined parametr ic  and non-parametr ic  
cl inical variables to evaluate interobserver  e- 
liabilities. We found that  parametr ic  variables are 
more rel iable than  non-parametr ic  ones. Rel iabi l i ty  
of a variable direct ly inf luences sample size. The 
h igher  the rel iabi l i ty the lower the sample size 
needed to demonstrate  the difference. In cl inical  
OA studies where the number  of pat ients is usual ly  
l imited, a rel iabi l i ty of 0.8 or greater  is required;  
whereas, in epidemiological  studies, e.g. in nutr i -  
t ional  epidemiology, a rel iabi l i ty of 0.3 may be 
suff ic ient when studying thousands of pat ients  
[24]. Some of our results could be compared with 
those recent ly  publ ished by Bel lamy and col- 
leagues. Our results were in agreement wi th  the 
Table III 
Interobserver reliability of parametric variables 
(repeated measure ANOVA) 
Reliabillity Parametric variables 
0.95 
0.94 
0.79 
0.79 
0.78 
0.76 
0.74 
0.73 
0.70 
0.68 
0.68 
0.66 
0.66 
0.57 
0.57 
0.55 
0.54 
0.53 
0.51 
0.47 
0.45 
0.45 
0.42 
0.42 
0.40 
0.39 
0.38 
0.32 
0.29 
0.28 
0.27 
0.24 
0.24 
0.21 
0.21 
0.19 
0.16 
0.14 
0.00 
Knee circumference l ft 
Knee circumference right 
Knee flexion strength left 
Maximal intermalleolar distance 
Knee hyperextension left 
Knee extension strength left 
Patrick-sign right 
Intermalleolar distance standing 
Knee extension strength right 
Knee flexion strength right 
Knee hyperextension right 
Hip internal rotation right (G) 
Patrick-sign left 
Knee varus position left 
Hip internal rotation left (P) 
Hip internal rotation left (G) 
Hip external rotation left (G) 
Hip flexion right 
Knee valgus position left 
Hip abduction right 
Heel buttock distance right 
Hip internal rotation right (P) 
Heel buttock distance left 
Knee extension left 
Hip abduction left 
Knee valgus position right 
Knee intercondylar distance standing 
Hip extension right 
Hip extension left 
Hip adduction left 
Hip external rotation right (G) 
Hip external rotation left (P) 
Knee flexion left 
Knee flexion right 
Hip external rotation right (P) 
Knee extension right 
Hip adduction right 
Hip flexion left 
Knee varus position right 
The larger the value (0-1), the more reliable the parameter. 
G = Goniometer; P = plurimeter. 
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Table IV 
Level of interobserver concordance of different 
non-parametric variables (means of three Kendall's tau 
beta values) 
Concordance Non-parametric variables 
0.51 
0.44 
0.42 
0.42 
0.41 
0.41 
0.39 
0.37 
0.35 
0.32 
0.32 
0.30 
0.30 
0.28 
0.28 
0.25 
0.25 
0.25 
0.17 
0.15 
0.13 
0.08 
0.03 
0.00 
-0.01 
-0.04 
Dolorimetry lateral joint space knee left 
Dolorimetry pes anserinus left 
Femoropatellar c epitus knee left 
Dolorimetry medial knee capsule right 
Dolorimetry pes anserinus right 
Dolorimetry lateral joint space knee right 
Instability lateral knee right 
Instability medial knee right 
Dolorimetry medial knee capsule left 
Dolorimetry medial joint space knee right 
Instability anterior knee left 
Instability anterior knee right 
Instability posterior knee right 
Synovitis knee left 
Dolorimetry medial joint space knee left 
Femoropatellar c epitus knee right 
Instability medial knee left 
Knee temperature right 
Effusion knee left 
Bakers cyst knee right 
Instability lateral knee left 
Synovitis knee right 
Bakers cyst knee left 
Knee temperature l ft 
Instability posterior knee left 
Effusion knee right 
Level of concordance: 1= total concordance; 0= no concor- 
dance; -1 = total disconcordance. 
except ion of the measurement  of knee f lexion by 
gon iometry  [8]. The dif ference may be expla ined by 
the type of goniometer  (short -arm vs long-arm) [25]. 
In contrast  to others, we found that  knee 
c i rcumference measured  at the level of the median 
jo int  l ine is highly rel iable [26]. A high degree of 
agreement  was also found for the measurement  of 
in termal leo lar  distance. Interest ing ly  the assess- 
ment  of hip ro ta t ion  seemed to be more rel iable 
using the goniometer  than  the p lur imeter  
(Table III). In hip OA, extens ion and in terna l  
rotat ion  are the main  funct ions that  are progress-  
ively l imited dur ing the t ime-course of the disease. 
Table V 
Correlation between hip radiographs taged according 
to KeUgren (score 0-4) of the right hip and the mean 
values of the assessed parametric linical variables 
(N = 46; Pearson's correlation coefficients) 
Hip extension r = 0.57 P = 0.0001 
Patrick-sign r = 0.54 P = 0.0001 
Hip internal rotation r=0.49 P=0.0006 
Hip abduction r - 0.46 P = 0.001 
Hip flexion r=0.39 P= 0.007 
Hip external rotation r = 0.39 P = 0.007 
Hip adduction r =0.29 P= 0.005 
Table VI 
Correlation between knee radiographs taged according 
to the Kellgren score and the mean values (three 
observers) of the assessed parametric linical variables 
of the right knee 
Knee circumference r = 0.5 P = 0.0003 
Knee valgus position r = 0.36 P = 0.013 
Knee flexion r = 0.35 P = 0.016 
Heel buttock distance r = 0.34 P = 0.019 
Knee hyperextension r = 0.23 P = 0.12 
Knee varus position r=0.18 P=0.39 
Knee extension r = 0.17 P = 0.24 
Knee extension strength r -- 0.12 P = 0.42 
Knee flexion strength r -- 0.1 P = 0.5 
We found that  hip 
extens ion and hip in terna l  rotat ion  are associated 
with radio logica l  changes (Table V) as documented 
by Pearson  [27] and later  by A l tman [3] defining the 
Amer ican  Col lege of Rheumato logy  cr iter ia.  In the 
cl inical assessment  of funct iona l  hip status the so 
cal led 'Patr ick-s ign'  [28] or '4-sign' in the German 
l i terature [29, 30], which is a combined movement  
of flexion, externa l  rotat ion  and abduct ion of the 
hip joint, showed a h igh level of assoc iat ion with 
radio logical  changes (Table V). The 'Patr ick-sign' ,  
as a s imple sign to assess and fur ther  evaluate, 
especial ly  in long-term moni tor ing  of hip OA, 
should be considered. However, the 'Patr ick-s ign'  is 
not  specific: an affect ion of the sacro- i l iacal  jo int  
may inf luence this cl inical sign. In assessing knee 
OA, the convent ional  measurement  of knee flexion 
by a s tandard  ' shor t -arm'  gon iometer  was poor in 
our  study. This cl inical var iable is often recorded 
in long-term OA studies. The interobserver  e- 
l iabi l i ty of the hee l -but tock  d istance was also 
relat ively poor  (0.45); however, in this study it was 
stil l  bet ter  than  the assessment  of knee flexion 
us ing a goniometer.  
Parameters  with poor  rel iabi l i t ies increase 
sample size in cl inical drug studies [12-14]. 
Measur ing  muscle s t rength  of knee extensors and 
f lexory by a hand-held pul l  gauge showed a high 
level of agreement  (Table III). However, it was not 
assoc iated with radio logical  changes (Table VI). 
This may be due to confounding effect of age, and 
dif ferences in behav iour  such as exercise [31]. 
Because of the smal l  sample size we could not  
analyze these factors. I t  should be ment ioned that  
the data concern ing  the knee are l imited; 
therefore, the results  obta ined in our  populat ion 
may not be general izable to other  populat ions.  
Most  important ly,  we studied only a few pat ients  
with moderate  and severe knee OA and only a few 
pat ients  had signs of jo int  inf lammation;  therefore, 
the results  with regard to these parameters ,  as 
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obtained in our study, should be interpreted with 
caution. The high.interobserver r l iabil ity of knee 
circumference measurement plus its association 
with radiological changes (probably due to bony 
enlargement) makes it a useful, simple and 
cost-effective parameter for long-term prospective 
knee OA studies. Incremental change proport ional 
to radiological progression would be the predicted 
association, and this still needs to be tested 
positively. Knee flexion, with its low association 
with radiological changes and low reliability, may 
not, therefore, be as useful as has been suggested 
by others [11, 32]. Furthermore, it could be shown 
that non-parametric tests showed significantly 
worse reliabilities which is in line with the data of 
Bellamy but in contrast with others who only 
examined a small number of patients [26, 33]. 
Although the dolorimetry values had the highest 
rank in the non-parametric scale (Table IV) the 
concordance of0.5 throws doubt on its value in any 
drug study with pain as the primary endpoint. 
Finally, reliability is only one aspect when 
judging the usefulness of variables for clinical 
trials, and comparing clinical variables with 
radiological changes is also of limited validity. In 
further studies the importance of clinical variables 
with respect to symptom severity and physical 
functional status, e.g. measured with the WOMAC 
Index, should be examined. It may well be that 
parameters which have a high interobserver 
reliability such as joint circumference of the knee 
are of very limited responsiveness and may not, 
therefore, be helpful in prospective studies. 
Furthermore, it needs to be emphasized that 
variables that are useful in cross-sectional studies, 
may not be useful in evaluative studies and vice 
versa. 
In conclusion, there is a need for international ly 
standardized assessment procedures for future 
epidemiological nd/or clinical drug studies in hip 
and knee OA patients [34-36]. 
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